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(54) PLASMA PROCESSING APPARATUS 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a plasma processing 
apparatus which can conduct plasma processing for a substrate by 
producing plasma under atmospheric pressure, while suppressing the 
discharge of gas to the atmosphere. 

SOLUTION: This plasma processor is equipped with a substrate 
support member 2 which supports a substrate G, a plasma 
generating part 3 which is provided above the substrate support 
member 2 above the substrate G and generates plasma almost 
under atmospheric pressure, a processing gas supply means 10 
which supplies processing gas to the plasma generation part 3, a 
discharge hole 1 1 which discharges the processing gas made into 
the plasma by the plasma generating part 3 toward the substrate G, 
an air outlet 12 provided at a proper distance from the discharge 
hole 11, an air discharging means 13 which discharges waste gas, 
after processing via the air outlet 12, a labyrinth seal part 14 which 
is provided to the outer circumference of the plasma generation 
part 3, and an inert gas supply means 15, which supplies inert gas to 
between the labyrinth sea! part 14 and the substrate G. 




http://www1 9.ipdl.inpit.go.jp/PA1/result/detail/main/wAAARna4FCDA41 5051490... 2008/03/1 9 



JP 2003-051490 



Partial English Translation of Japanese Patent Laying-Open No. 2003-051490 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a plasma processing apparatus performing 
plasma treatment on a substrate such as a glass substrate for a liquid crystal display 
(LCD) by generating plasma under an atmospheric pressure or a near pressure thereof. 

[0018] 

As shown in Fig. 2, plasma etching apparatus 1 is further equipped with a 
processing gas supply mechanism 10 for supplying processing gas to plasma generation 
part 3, a discharge hole 1 1 provided on the lower surface of plasma generating part 3 
and discharging the processing gas generated in the form of plasma in plasma generating 
part 3 toward substrate G supported by stage 2, an exhaust port 12 provided at a 
position appropriately apart from discharge hole 1 1 on the lower surface of plasma 
generating part 3, an exhaust mechanism 13 for exhausting exhaust gas after processing 
through exhaust port 12, a labyrinth seal part 14 provided at the outer circumferences of 
discharge hole 1 1 and exhaust port 12 on the lower surface of plasma generating part 3, 
and an Ar gas supply mechanism 15 for supplying Ar gas between labyrinth seat part 14 
and substrate G supported by stage 2. 
[0019] 

Plasma generating part 3 has a gas inlet 21 for introducing the processing gas 
from processing gas supply mechanism 10, a processing gas pass hole 22 extending from 
gas inlet 21 downwards in the perpendicular direction and connected to discharge hole 
1 1, and a pair of plate-shaped electrodes 23 and 24 arranged in parallel with each other 
across processing gas pass hole 22. The pair of electrodes 23 and 24 is buried in an 
insulation member 25, and therefore, electrodes 23 and 24 are insulated by insulation 
member 25, so that abnormal discharge is prevented between the electrodes in the 
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atmospheric pressure or the near atmosphere. A high frequency power supply 27 is 
connected to electrode 23 through a matching box 26, and electrode 24 is grounded. 
Therefore, a high frequency electric field is formed between the electrodes through 
insulation member 25 and glow discharge is generated in processing gas pass hole 22 by 
the high frequency electric field. Thus, the processing gas passing through processing 
gas pass hole 22 is made into plasma by the glow discharge. Plasma generating part 3 
has an exhaust path 28 extending from exhaust port 12 upwards in the perpendicular 
direction, and exhaust path 28 is connected to exhaust mechanism 13. There is 
provided a space S, to which plasma of the processing gas is supplied, between substrate 
G and the parts of discharge hole 11 and exhaust port 12 on the bottom of plasma 
generating part 3 . 
[0020] 

Stage 2 has a base member 3 1 having leg part 2a attached thereto and a recessed 
part inside, a ceramics heater 32 provided in the recessed part of base member 31 and 
having a recessed part inside, and a conductive member 33 provided in the recessed part 
of ceramics heater 32 and having a wafer set part. Ceramics heater 32 has a heating 
element 32 buried in an insulation member 32a, and a current is applied from a heater 
power supply 34 to a heating element 32b. A high frequency power supply 3 6 for 
drawing ions is connected to conductive member 33 through a matching box 35. 
[0021] 

Processing gas supply mechanism 10 is provided with a CF 4 gas source 41 and 
an 0 2 gas source 42, and CF 4 gas source 41 and 0 2 gas source 42 are connected to a 
CF 4 gas line 43 and 0 2 gas line 44, respectively, and gas lines 43 and 44 are connected 
to a gas line 45 to reach gas inlet 21 . A valve 46 and a mass flow controller 47 are 
provided in each of gas lines 43 and 44. 
[0022] 

Exhaust mechanism 13 has an exhaust tube 48 extending from an upper part of 
exhaust path 28, a differential pressure control mechanism 49 for controlling the 
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differential pressure from the atmospheric pressure, and an exhaust pump 50, and the 
processing gas supplied to substrate G can be immediately exhausted by exhaust 
mechanism 13. 
[0023] 

Ar gas supply mechanism 15 has an Ar gas source 51, an Ar gas line 52 
extending from Ar gas source 51 to the upper end of plasma generating part 3, and a 
plurality of Ar gas paths 53 provided at an outer circumferential member 30 constituting 
the circumferential part of plasma generating part 3 and connected to Ar gas line 52 to 
extend in the perpendicular direction, so that Ar gas is supplied from Ar gas path 53 to 
substrate G through labyrinth seal part 14. A pressure meter 56 is connected to Ar gas 
path 53. When mass flow controller 47 is controlled based on a pressure value of 
pressure meter 56, a flow rate and pressure of Ar gas can be kept at appropriate values. 
Labyrinth seal part 14 is provided on the bottom surface of circumferential member 30. 
Further, although Ar gas line 52 is connected to one of Ar gas paths 53 and pressure 
meter 56 is connected to another Ar gas path in Fig. 2 for convenience, the Ar gas line 
52 branches in the middle and supplies the Ar gas to the plurality of Ar gas paths 53, and 
pressure meter 56 is provided at one of the branched Ar gas lines 52. 
[0024] 

Fig. 3 is a bottom view showing plasma generating part 3, and Fig. 4 is an 
enlarged sectional view showing labyrinth seal part 14. As shown in Fig. 3, discharge 
hole 1 1 and exhaust port 12 provided on the bottom of plasma generating part 3 extend 
in the longitudinal direction of the bottom of plasma generating part 3. Processing gas 
pass hole 22 having a width larger than discharge hole 1 1 is connected to discharge hole 
1 1, and exhaust path 28 having the width same as exhaust port 12 is connected to 
exhaust port 12. Pair of electrodes 23 and 24 also extend in the longitudinal direction 
of the bottom of plasma generating part 3 . 

[0028] 
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In this state, a high frequency power is supplied from high frequency power 
supply 27 to electrode 23 and generates a high frequency electric field between 
electrodes 23 and 24 to generate glow discharge in processing gas pass hole 22. At 
this time, since electrodes 23 and 24 are covered with insulation member 25, abnormal 
discharge is not generated even in the atmosphere. Then, CF 4 gas and 0 2 gas 
functioning as the etching processing gases are supplied from processing gas supply 
mechanism 10 to processing gas pass hole 22. These gases are made into the plasma 
by the glow discharge in processing gas pass hole 22 and are introduced to the lower 
part of processing gas pass hole 22, and the plasma of the processing gas is supplied 
from discharge hole 1 1 to substrate G. A predetermined film on substrate G is etched 
away with the plasma of the processing gas. At this time, since the high frequency 
power is supplied from high frequency power supply 36 to conductive member 33 of 
stage 2, ion is drawn and etching of high efficiency and high selectivity can be 
implemented. Further since substrate G is kept at a constant temperature by ceramics 
heater 32, a stable etching process is implemented. 
[0029] 

Exhaust gas after etching is immediately exhausted by exhaust mechanism 13 
from exhaust port 12 provided appropriately apart from discharge hole 1 1 through 
exhaust path 28. When Ar gas is supplied from Ar gas supply source 15 to labyrinth 
seal part 14, the pressure in outer groove 61c becomes higher than the atmospheric 
pressure and turbulent is generated in groove 61c as described above, so that the Ar gas 
is prevented from leaking into the atmosphere. That is, while the Ar gas functions as 
blocking gas, the exhaust gas after processing is immediately exhausted from exhaust 
port 12, so that the gas can be prevented from being discharged to the atmosphere. 
Since the pressure in groove 61a of labyrinth seal part 14 is higher than that of space S 
and the turbulent is generated in groove 61a, the Ar gas is prevented from entering 
space S and the Ar gas hardly affects the etching process. 
[0030] 
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Although slit-shaped exhaust port 12 is provided on the right side of slit-shaped 
discharge hole 1 1 in plasma generating part 3 so as to be in parallel thereto according to 
the examples shown in Figs. 2 and 3 5 a plasma generating part 3 5 may have exhaust 
ports 12 on both (right and left) sides of discharge hole 1 1 as shown in Fig. 7. In this 
case, since the Ar gas can be exhausted from right and left exhaust ports 12 even when 
the Ar gas leaks to space S, the Ar gas less affects the etching process. Further, since 
exhaust ports 12 are provided on both sides of the discharge hole, the exhaust gas after 
processing is prevented from being discharged to labyrinth seal part 14, so that, even 
when malfunction is generated in Ar gas supply mechanism 15, the exhaust gas can be 
prevented from being discharged into the atmosphere. It is desirable to provide means 
for detecting that malfunction is generated in Ar gas supply mechanism 15 (for detecting 
a pressure drop of the Ar gas by pressure meter 56), so that, when malfunction is 
detected, the processing gas supply is stopped and the power of exhaust pump 50 is 
increased to enhance the exhaust power. 
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